ABSTRACT The objectives of this study were to determine if age, sex, and strain of broilers affect the apparent ileal amino acid digestibility (AID) of soybean meal and an animal by-product blend. Chicks from 2 broiler strains, 1 commercially available and the other in the test phase, were obtained from a common hatchery, feather-sexed, and placed into floor pens. The birds received common diets while on floor pens. Birds were transferred to metabolism crates for 2 ileal digestibility trials conducted at 3 and 6 wk of age. Two semipurified diets were formulated with each of the feed ingredients providing all of the amino acids (AA) in the diets. Diets were formulated to contain 20% CP, with chromic oxide added to the diet at 0.30% as the indigestible marker. The experimental diets were fed for a 72-h period after an overnight fast to 8 replicate cages of 5 birds per cage. Upon completion of the experimental periods (i.e., d 22 and 43), birds were euthanized and ileal digesta samples were collected and pooled by pen, frozen, lyophilized, and analyzed for AA and chromium concentrations. For soybean meal, no main effects were observed for age, sex, or strain; however, significant (P ≤ 0.05) 3-way interactions were observed for several dispensable and indispensable AA. Statistical analyses of these interactions indicate the AID of soybean meal may be different for 42-d males of the test strain. For the animal by-product blend, only main effects were significant for each AA, with the exception of Ile and Tyr. Main effect of strain was observed for most of the AA, showing that the commercially available strain had higher AID than the test strain. Also, significant main effect of age indicated that the AID for animal by-product blend was higher at 42 d than at 21 d. Evaluation of these 2 ingredients showed that age, sex, and strain may affect digestibility of feedstuffs and should be considered independently or interactively, for some cases, in future investigations as sources of variation in AA digestibility. 
INTRODUCTION
Research has suggested that it may be advantageous to formulate poultry diets on a digestible amino acid (AA) basis rather than on a CP or total AA basis (Rostagno et al., 1995; Ravindran and Bryden, 1999; Ravindran et al., 2005) . In light of rising and volatile feed costs, precision formulation of diets can decrease feed costs, lower feed safety margins, and decrease nitrogen excretion into the environment (Lemme et al., 2004) . Several studies have shown the advantages of formulating on a digestible AA basis when compared with a total AA basis (Fernandez et al., 1995; Rostagno et al., 1995; Wang and Parsons, 1998a; Douglas and Parsons, 1999) . The standardized ileal AA digestibility (SIAAD) chick assay is a commonly used and accepted method to determine AA digestibility (Payne et al., 1968) . The SIAAD generally uses 3-wk-old broiler chicks being fed a semipurified diet with an indigestible marker added for a period of time, with ileal digesta being collected at the end of the digestibility trial. The SIAAD can allow for better predictions of AA digestibility based on bird age and is considered to be more ideal to other methods (such as the precision-fed cecectomized rooster assays) due to readily available birds, ease of mixing semipurified diets, and the ability to measure all AA in one study, as opposed to growth assays that can only measure one AA at a time (Ravindran and Bryden, 1999; Garcia et al., 2007) . Although previous studies determined differences across methods and among feedstuff samples, very little research has evaluated possible interactive effects that 3 common sources of variation, including age, sex, and strain, may have on the SIAAD method. The objectives of this current study were to evaluate if the apparent ileal AA digestibility (AID) of soybean meal (SBM) and an animal by-product blend (ABB) could be affected by the aforementioned factors in broilers. These feedstuffs were chosen because they are commonly used protein supplements in broiler diets, and unlike corn, the highprotein content makes it ideal to evaluate AID in broilers.
MATERIALS AND METHODS

General Chick Procedures
All animal studies were approved by the Mississippi State University and USDA-ARS animal care and use committees. One-day-old broiler chicks from 2 different strains were obtained from the same commercial hatchery to remove any variation from the onset of the experiment (Aviagen, Huntsville, AL). Strain A was a Ross × Ross 308, and strain B was a broiler strain that was still undergoing performance evaluations and not available commercially. All birds were feather-sexed, placed into groups of 50, and raised in common floor pens based on sex and strain. They were fed standard broiler diets formulated to meet or exceed NRC (1994) nutrient recommendations, until the experimental phase.
SIAAD Assays
Digestibility trials were conducted on 21-and 42-dold broilers using methodology modified from Adedokun et al. (2008) . Treatments were designed in a 2 × 2 × 2 factorial design, based on age (21-or 42-d-old broilers), sex (male or female), and strain (A or B). Two commonly used feed ingredients in broiler diets were separately evaluated, a commercially available SBM (48% CP) and an ABB (H. J. Baker & Bro., Little Rock, AR; 59% CP). The first phase of the experiment was considered to be between 14 and 22 d, and the second phase was between 35 and 43 d of age. During the first experimental phase, 320 chicks were moved into 64 grower battery cages at d 14 (Alternative Design Manufacturing, Siloam Springs, AR). Each cage (66 × 66 × 76 cm) was equipped with 1 trough feeder and a nipple waterer line and housed in a solid-sided house with temperature control. Temperature was set at 26.7°C for the duration of the first phase. Birds were randomly allocated into 8 replicate cages with 5 birds per cage for each treatment and separated based on sex and strain. Birds were fed the same broiler diets they were fed previously and allowed to acclimate to their new environments for 3 d. On d 17, after an overnight fast, chicks were placed on the experimental diets for 5 d. On d 22, upon completion of phase 1, all birds were euthanized via CO 2 asphyxiation, and ileal digesta samples were collected and pooled by cage. For the second phase of the experiment, on d 35, 256 broilers were moved into 64 grower battery cages (8 replicate cages with 4 birds per cage) based on sex and strain. Bird density was modified from the first phase to compensate for the older and bigger birds. All birds and feed were weighed at the start and end of each experimental period and growth performance (initial BW, final BW, and feed intake) for birds fed the SBM and ABB diets are presented in Tables 1 and 2 , respectively. Temperature was set at 22.2°C for the duration of the second phase. On d 38, after an overnight fast, birds were placed on experimental diets for 5 d. On d 43, upon completion of phase 2, all birds were euthanized via CO 2 asphyxiation, and ileal digesta samples were collected.
Formulation of Experimental Diets
Composition of the experimental diets is presented in Table 3 , and total AA concentrations in the diet are presented in Table 4 . The semipurified experimental diets were formulated to contain approximately 20% CP, with each of the feedstuffs serving as the only source of AA in the diets (Adedokun et al., 2008) . Prior to formulation, both the SBM and ABB were analyzed for N using the LECO Combustion Analysis (method 990.03, AOAC, 2000) at the University of Missouri-Columbia Experimental Station. Crude protein (%) was then calculated by multiplying the N content (%) by 6.25. Chromic oxide was added to the diet as an indigestible marker at 0.30% of the diet, with both experimental diets being fed in mash form. Birds were allowed ad libitum access to feed and water during the experimental feed phases. The same diet was fed to birds during both experimental ages to allow for comparisons between age groups.
Sampling and Ileal Digesta Processing
The ileum was considered to be the portion of the small intestine from the Meckel's diverticulum to the ileo-cecal junction. The contents of this intestinal segment were flushed with distilled water. Ileal digesta from birds within a replicate cage were pooled and frozen at −20°C until processed. Samples were subsequently freeze-dried and ground using a mortar and pestle and screened to fit a 1-mm screen to ensure a homogenous mixture.
Chemical Analyses and Calculations
Ileal digesta and diet samples were analyzed for AA [method 982.30 E (a, b, c; AOAC, 2000) ] and chromium [method 990.08 (AOAC, 2000) ] at the Experiment Station Chemical Laboratories, University of MissouriColumbia. Apparent ileal amino acid digestibility was calculated using the following formula by Lemme et al. (2004) :
FACTORS ON AMINO ACID DIGESTIBILITY
Statistical Analysis
The allotment of broilers based on the factors of interest (age, sex, and strain) comprised a randomized complete block design, with cage being the experimental unit and cage location as a blocking factor. Growth performance from each age group and diet were analyzed separately due to being run as separate trials using different birds and were analyzed as a 2 × 2 factorial (strain and sex). All AID data were analyzed using a factorial arrangement of treatments (2 sexes, 2 ages, and 2 strains) within PROC MIXED for each feed in- gredient (SAS, 2004) . Age, sex, and strain were tested for main effects and all interactions. When significant 3-way interactions were noted, single degree of freedom contrasts were made using the SLICE option in the least squares means procedure of PROC MIXED. Differences in treatment means were separated using the least significant difference test. Statistical significance was considered at P ≤ 0.05.
RESULTS
SBM
Growth performance for broilers fed a semipurified diet with SBM as the sole protein source at 21 and 42 d is presented in Table 1 . Initial weights were significantly affected by the differences in strain (strain A significantly higher than strain B) and sex (females significantly higher than males) at 21 d. Final weight was significantly higher for males, which was evident by the significantly higher weight gain with no significant differences for all other response parameters. There were no significant differences for broilers at 42 d for any of the parameters measured.
Apparent ileal AA digestibility as affected by age, sex, and strain in SBM are presented in Tables 5 and  6 . Main effects of strain, age, and sex, and all possible 2-way interactions, were not significant for most of the AA evaluated. The interaction of age and strain was significant only for Lys (P = 0.047) and Pro (P = 0.039). However, with the exception of Ile, Trp, Phe, His, and Glu, there were significant 3-way interactions of AID between strain, age, and sex. This effect was confirmed by the difference in least squares means of the 3-way interaction presented in Table 7 . For most of the AA, 42-d-old male broilers in strain B were found to be significantly different when compared with 21-dold males. Differences in least squares means for other treatment combinations were generally not significantly different.
ABB
Growth performance of broiler fed a semipurified diet containing ABB as the sole protein source is presented in Table 2 . Initial weights for broilers at 21 d were found to be significantly affected by strain and age, and a significant 2-way interaction between strain and sex was observed. The same pattern was seen as in the SBM treatment, with strain A birds having higher initial BW than strain B, and females having significantly higher BW than males at 21 d. Final weights were also significantly affected at 21 d, but this may have been because of significant differences in weight gain for strain and sex. Feed intake was only found to be significantly different in females and males at 21 d. Initial weights, final weights, and BW gain were found to be significantly affected at 42 d. Strain B males gained significantly less than all other strains and sex. Feed intake was not significantly affected at 42 d of age. Apparent ileal AA digestibility data as affected by age, sex, and strain in ABB are presented in Tables 8  and 9 . The main effect of strain on AID was found to be significant for all AA evaluated, with the exception of Trp, where strain B had significantly lower AID (P = 0.221) compared with strain A. The effect of age was also significant for Thr (P = 0.024), Val (P = 0.047), Ile (P = 0.001), Trp(P < 0.001), Asp (P = 0.009), Ser (P = 0.001), Glu (P = 0.018), and Cys (P = 0.0004), with 42-d-old broilers having an increased digestibility compared with 21-d-old broilers. No significant effect of sex was observed. Despite the significant main effects of strain and age, no significant 2-way interactions were observed, with the exception of Trp, which was significant (P = 0.031) for the age by strain interaction. Most of the 3-way interactions were not significant, with the exception of Ile, Cys, and Tyr. However, comparisons across the 3-way interactions were still evaluated to further investigate the interaction of strain, age, and sex on the AID of ABB. Differences in the least squares means of the 3-way interactions were analyzed and presented in Table 10 for all AA in the ABB. Comparison of the 3-way least squares means indicated no significant differences for the AA, with the exception of Ile, Cys, and Tyr. For Ile and Cys, AA digestibility was significantly increased for 42-d-old birds in strain A, regardless of sex, and significantly decreased for 21-dold birds, regardless of strain and sex. For Tyr, 42-d-old 
DISCUSSION
The results of this study indicate several sources of variation when evaluating the AID of SBM and ABB in broilers. In our study, the most consistent differences in AID were due to strain when broilers were fed an ABB. Strain differences also played a role in the growth performance of broilers. Strain B birds weighed consistently less at the start and finish of each of the experimental periods and also had a decreased weight gain. This may have affected the final AID of the ABB. The 2 strains evaluated were representative of a current high-yielding commercial broiler strain (strain A) and one currently in test phase and not commercially available (strain B). Thus, differences in genetics may have accounted for the differences in AID observed in this study. Broiler genetics are continuously being developed to create high-yielding birds that are vastly different from broilers used several decades ago (Havenstein et al., 2003) , indicating that strain differences should be studied. Several studies have examined the relationship of intestinal function and strain differences. Mitchell and Smith (1990) reported that genetic selection in broilers resulted in changes in Ala uptake and jejunal villus area. These differences in intestinal absorption may enhance AA absorption that can assist broilers in maintaining their elevated growth rates induced by genetic selection (Mitchell and Smith, 1990 ) and may explain the differences observed. Both strains evaluated in this current study were highly selected for growth. Mitchell and Smith (1991) reported broilers genetically selected for increased growth had less intestinal absorptive epithelium when compared with nonselected broilers. A review by Croom et al. (1998) stated that although the literature reports conflicting results on the relationship between intestinal function and strain differences, today's current high-yielding birds may have intestinal absorptive capacity that is adequate for its metabolic needs. The strain differences observed in AID in this current study may have been affected by differences in strain that affected intestinal absorptive capacity. Several studies have compared broiler strain differences but measured different variables, like growth and CP response (Smith and Pesti, 1998; Dozier et al., 2008; Woyengo et al., 2010) . Although these studies are not applicable to the current study's objectives of investigating differences in the AID of feedstuffs, they do indicate a further need to delineate broiler strain differences. Several other studies have examined AA digestibility in feedstuffs by comparing broiler and layer strains and reported differences, but many of these differences may be attributable to type of sample (excreta vs. ileal) and age (3-wk-old vs. 1-yr-old roosters) (Huang et al., 2006; Garcia et al., 2007; Adedokun et al., 2009 ). Age differences in broilers had significant effects on AID of both SBM and ABB. The effect of age on CP and AA digestibility of feed mixtures has been reported in the literature; however, there has not been a substantial amount of research conducted on the effect of age on AA digestibility of individual feedstuffs. Moreover, studies that did evaluate the effect of age report conflicting results. Several studies using the total excreta collection method reported decreased digestibilities of CP and AA with age in rapeseed meal and peas (Zuprizal and Chagneau, 1992; Carré et al., 1995) . Batal and Parsons (2002) , using a broken-line regression, reported that AA digestibility of a corn-soybean meal diet increased until approximately 14 d of age in commercial broilers. Huang et al. (2005) reported AA digestibility for 8 feed ingredients, which included SBM and an animal by-product sample, for broilers at 14, 28, and 42 d. The AA digestibility of SBM and animal by-product samples yielded greater values at 28 and 42 d when compared with 14 d values (Huang et al., 2005) . In the current study, AID of SBM was not affected by age of the bird, whereas AID of ABB was found to increase with age from 21 to 42 d. Animalbased by-products are widely used in poultry diets due to their high protein and mineral contents. However, because they are by-products of the livestock industry, they can vary in their source material and also in nutrient content and digestibility based on differences in drying time and source content (Wang and Parsons, 1998b) . This nutrient variability may have accounted for the difference in the AID of ABB between 21-and 42-d-old broilers. Older broilers, regardless of sex or strain, were found to have consistently increased AID for ABB for most of the AA evaluated. Age has been reported in several studies to influence AA digestibility (ten Doeschate et al., 1993; Batal and Parsons, 2003; Huang et al., 2005) , which may have accounted for the differences seen in our study.
Rate of passage may have also accounted for the age effects seen in this study. Shires et al. (1987) reported that older birds have a decreased rate of passage, which allows for greater nutrient utilization and may explain the increased AID for 42-d-old broilers fed the ABB. The older broilers had significantly higher AID for several AA. The nature of the diets may have also affected the rate of passage, which in turn, may have affected our final AID results. Rochell et al. (2011) reported SIAAD values for 21-d-old broilers fed 2 different meat and bone meal-based diets: a practically based corn-soybean meal diet and a semipurified diet consisting of cornstarch and dextrose. The semipurified meat and bone meal diet had a faster rate of passage than the practical meat and bone meal diet, and SIAAD of these semipurified diets were significantly decreased (Rochell et al., 2011) . While Rochell et al. (2011) only evaluated ileal digestibility at 21 d, this may have explained some of the age differences and is one of the few studies to evaluate differences in diet type on AA digestibility. The nature of the diet along with the age differences examined in this current study may explain the differences observed in this study.
The main effect of sex was not significant for the AID of SBM and ABB in this study but did play a role in the 2-and 3-way interactions and also had an effect on growth performance of broilers. Sex was found to significantly affect feed intake of 21-d broilers fed the ABB diet. This may have played a role in the differences of the AID observed for broilers based on sex. Moter and Stein (2004) reported differences in AA digestibility based on feed intake for growing pigs, mainly in the ileal endogenous AA flow, which was found to decrease when feed intake decreased and may explain the differences in AID associated with sex. This effect on feed intake was only seen in the 21-d broilers, whereas there were no other differences in feed intake for broilers at 42 d and for broilers fed the SBM diet. Wallis and Balnave (1984) reported differences in AA digestibility based on the sex of broilers when examining effects of sex, heat, and age. Female broilers subjected to higher environmental temperatures were found to have a significantly lower AA digestibility when compared with male broilers. Several studies have reported differences in AID due to sex, but these results have not been consistent. Zuprizal et al. (1992) reported higher true AA digestibility of whole and dehulled rapeseed meals in male broilers at 6 wk when compared with female broilers. However, no sex differences were observed at 3 wk. Firman (1992) reported no differences in AA digestibility based on sex and age in turkeys for a SBM sample. For an animal-based protein sample, results were more variable, and male turkey toms resulted in lower digestibilities for many of the AA evaluated (Firman, 1992) . ten Doeschate et al. (1993) reported that female broilers had increased AA digestibility when compared with males, whereas several other studies reported no difference in sex (Zelenka and Liska, 1986; Gruhn and Zander, 1989 ).
Several studies have reported differences in AA digestibility based on the site of ileal sampling, which focus primarily on sampling from the further distal portion of the ileum (Kadim and Moughan, 1997; Kluth et al., 2005) . These differences in sampling site may have also affected the results of this study. The entire section of the ileum was used for this study; this may have accounted for differences in AID values when compared with previously published values. Kluth et al. (2005) reported significantly lower AA digestibility values from digesta collected from the terminal section of the ileum, and this difference may have affected the results of this current study.
It should be noted that the AID values presented herein were not standardized for endogenous nutrient losses; endogenous corrections for 21-d-old broilers are present in the literature (Adedokun et al., 2007) . Endogenous corrections also exist for the precision-fed cecectomized rooster assay, which are obtained from the excreta of fasted adult roosters (Parsons, 2002) . However, Adedokun et al. (2007) reported that endogenous AA flow could be affected by age of the bird and the method of feeding. Therefore, combined with the results of the current study, standardization of the 42-d AID data using 21-d endogenous correction or fastedrooster excreta would not be recommended for the standardization of AA digestibility at 42 d, but would be warranted in further research.
